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SPECIFICATION 



CHIP RESISTOR AND MANUFACTURING METHOD THEREFOR 



5 Technical Field 

The present invention relates to chip resistors and 
manufacturing methods therefor. 



Background Art 

10 An example of conventional chip resistors is disclosed in / 

JP-A 2002-57009 . Fig. 26 of the present application is a sketch 
of the resistor disclosed in the gazette (The entire resistor 
is indicated by a reference symbol B) . The chip resistor B 
includes a rectangular resistive element 90 made of metal, and 

15 a pair of electrodes 91 formed on a lower surface of the resistive 
element 90. The two electrodes 91 are spaced from each other 
by a distance s5 . Each electrode 91 has a solder layer 92 formed 
thereon . 

The chip resistor B is manufactured by means of a method 
20 shown in Figs. 27A-27E. First, two metal plates 94, 95 are 
prepared (Fig. 27A) , and the metal plate 95 is bonded to a lower 
surface of the metal plate 94 (Fig. 27B) . The upper metal plate 
94 has a relatively larger electric resistance than the lower 
metal plate 95. The lower metal plate 95 is made of copper for 
25 example, and has a smaller electric resistance. Next, part of 
the lower metal plate 95 is ground off by machining, to form 
a gap 93 (Fig. 27C). On the remaining port ion of the metal plate 
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95 is formed a solder layer 96 (Fig. 27D) . Finally, the metal 
plate 94 (and the related members 95, 96) are cut into chip 
resistors B. 

According to the conventional method of manufacture 
described above, the chip resistor B has its electrodes 91 (Fig. 
26) formed by mechanical grinding of the lower metal plate 95 
(Figs. 27B, 27C) . As will be understood easily, in order for 
the device B to function properly as a resistor, it is not 
preferable that part of the electrically conductive metal plate 
95 is left between the two electrodes 91. Therefore, the depth 
of grinding into the metal plate 95 must be at least the same 
as the thickness of the metal plate 95. However, it is not easy 
in general to make such an operational setting accurately. 

If the grinding depth is greater than the thickness of the 
metal plate 95, the upper metal plate 94 is ground partially, 
which alters the resistance value. Further, in mechanical 
grinding, it is difficult to achieve an exact dimension for 
the distance s5 between the two electrodes 91, and therefore 
a certain level of error is unavoidable. 

For these reasons, a trimming operation is performed to 
the conventional chip resistor B in order to make adjustment 
to the resistance value. However, performing the trimming to 
all of the resistors which are manufactured leads to increased 
cost of manufacture. 



DISCLOSURE OF THE INVENTION 

The present invention was made under the above-described 



circumstances, and it is therefore an object of the present 
invention to provide a chip resistor which is easier to 
manufacture than before, and does not need the resistance value 
adjustment. Another object of the present invention is to 
provide a method for manufacturing such a chip resistor. 

A first aspect of the present invention provides a chip 
resistor which includes: a resistive element having a flat 
surface; an insulation layer provided in the flat surface; and 
a plurality of electrodes provided in the flat surface. The 
electrodes make contact with the insulation layer and are spaced 
from each other via the insulation layer. 

Preferably, the insulation layer is formed of a resin 
material by thick-film printing. 

Preferably, the resistive element has another surface 
facing away from the flat surface. This another surface is 
formed with an electrically insulating overcoat layer. 

Preferably, the overcoat layer and the insulation layer 
are of the same material . 

Preferably, the electrodes have a greater thickness than 
the insulation layer. 

Preferably, the electrodes are formed with a solder layer 
thereon. 

A second aspect of the present invention provides a method 
of making a chip resistor. This method includes: a step of 
forming an insulating pattern on an electrically resistive 
plate; a step of forming an electrical conductor in contact 
with the insulating pattern, on the plate; and a step of dividing 



the plate into a plurality of chips . Each of the chips includes 
at least part of the insulating pattern and at least part of 
the conductor. 

Preferably, the plate is a flat metal plate which has a 
uniform thickness. Further, the insulating pattern is formed 
by thick-film printing, and the electrical conductor is formed 
by plating. 

Preferably, the method according to the present invention 
further includes a step of forming an electrically insulating 
overcoat layer on the plate before dividing the plate. 

Preferably, the plate is divided by blanking, with a single 
punch die. 

A third aspect of the present invention provides a chip 
resistor which includes: a chip-like resistive element having 
an upper surface and a back surface facing away from each other 
in a direction of thickness; a plurality of electrodes provided 
in the resistive element; and an insulation layer formed in 
at least one of the upper surface and the back surface of the 
resistive element, between the electrodes. The resistive 
element includes a plurality of upright surfaces which extend 
in the direction of thickness. Each of the electrodes is 
provided correspondingly in one of the upright surfaces. 

Preferably, the resistive element includes a plurality of 
recesses formed by the upright, surfaces. 

Preferably, the recesses are filled by the electrodes. 

Preferably, the resistive element includes a plurality of 
through holes defined by the upright surfaces. 



Preferably, the through holes are filled by the electrodes . 
Preferably, the electrodes extend in the direction of 
thickness, beyond the insulation layer. 

Preferably, each of the electrodes is formed with a solder 
layer . 

A fourth aspect of the present invention provides a method 
of making a chip resistor. This method includes: a step of 
forming an insulation layer on an electrically resistive plate; 
a step of forming a plurality of through holes in the plate; 
a step of plating a conductor in each of the through holes; 
and a step of dividing the plate into a plurality of chips. 

Preferably, the through holes are divided in the step of 
dividing the plate. 

Preferably, the through holes are formed by punching. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig ^. l^ s a perspective view of a chip resistor according 
to a first embodiment of the present invention. 

^ig^;^_2^is a sectional view taken in lines F2-F2 in Fig. 

1. 

F^Q^^is an enlarged view of a portion of the chip resistor 
in Fig. 2. 

^i^s . ^through Fig. 6 illustrate a method of manufacturing 
the chip resistor according to the first embodiment of the present 
invention . 

Fig. 7A and Fig. 7 B_ show a chip resistor according to a 



second embodiment of the present invention. 

Fig . 7C shows aplate used for manufacturing the chip resistor 
according to the second embodiment of the present invention. 

Fig. 8A and Fig. 8B show a chip resistor according to a 
third embodiment of the present invention. 

Fig . 8C shows aplate used for manufacturing the chip resistor 
according to the third embodiment of the present invention. 

Figs. 9A-9B show a chip resistor according to the present 
invention, which has four electrodes. 

Fig . 9C shows aplateused for manufacturing the chip resistor 
in Figs . 9A-9B . 

Figs. lOA-lOB show another chip resistor according to the 
present invention, which has four electrodes. 

Fig. IOC shows a plate used for manufacturing the chip 
resistor in Figs. lOA-lOB. 

Figs. IIA-II B show another chip resistor according to the 
present invention, which has four electrodes. 

Fig. lie shows a plate used for manufacturing the chip 
resistor in Figs, llA-llB. 

Fig. through Fig. 16 B show a chip resistor according 

to a fourth embodiment of the present invention. 

Fig. 17A through Fig . 1 8 illustrate amethod of manufacturing 
the chip resistor in Fig. 12. 

Figs- JL9A through Fig. 2 5E illustrate variations of the 
present invention. 

Fig , 26 is aperspective viewof a conventional chip resistor . 

Figs. 27A-27E illustrates a method of manufacturing the 



conventional chip resistor. 



BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, preferred embodiments of the present invention 
will be described with reference to the drawings. 

Fig. 1 through Fig. 3 show a chip resistor A according to 
a first embodiment of the present invention. As shown in Fig. 
1 and Fig. 2, the chip resistor A includes a resistive element 
1 , an overcoat layer 2 , a pair of electrodes 3 , and an insulating 
spacer 4 . 

The resistive element 1 is a rectangular metal chip. As 
will be understood from Fig. 2, the resistive element 1 has 
a uniform thickness. The resistive element 1 is made of e.g. 
a Cu-Mn alloy, a Ni-Cu alloy and a Ni-Cr alloy. Alternatively, 
the resistive element 1 can be formed of a nonmetal material. 

The overcoat layer 2 is electrically insulating, and covers 
an upper surface 10a of the resistive element 1. The overcoat 
layer 2 can be formed of epoxy resin by thick-film printing. 

The pair of electrodes 3 are on a back surface 10b of the 
resistive element 1, and are spaced from each other by a 
predetermined distance si. The electrodes 3 can be formed by 
plating copper on the resistive element 1. Each electrode 3 
has a lower surface formed with a solder layer 39. 

The spacer 4 is provided between the two electrodes 3. As 
shown in Fig. 2, the spacer 4 has two end faces 4 0 which are 
facing away from each other and spaced by the distance si . Each 
end face 40 makes tight contact with one of the electrode 3. 



The spacer 4 can be formed of the same electrically insulating 
material and by the same method as used for the overcoat layer 
2 . 

In Fig. 2, the solder layer 39 is illustrated as completely 
separated from the spacer 4 for the sake of simplicity. Actually 
however, the solder layer 39 extends to touch a lower surface 
of the spacer 4 as shown in Fig. 3 (See reference code nl) . 
As mentioned earlier, the spacer 4 is electrically insulating. 
Therefore, the contact between the solder layer 39 and the spacer 
4 does not does not alter the desired resistance value between 
the two electrodes 3. 

As shown in Fig. 2, a thickness tl of each electrode 3 is 
made greater than a thickness t2 of the spacer 4. Therefore, 
a total thickness t3 of the electrode 3 and the solder layer 
39 is also greater than the thickness t2 of the spacer 4. 
Specifically, the thickness tl is 30/im approx, the thickness 
t2 is 2 0A^m approx, and the thickness t3 is 35 p. m approx. (i.e. 
the thickness of the solder layer 39 is 5 ju m approx.) 

The overcoat layer 2 has the same thickness as the spacer 

4 or 20 pm approx. The resistive element 1 has a thickness in 
a range of 0 . 1 mm through 1 mm approx, and a* length and a width 
each falling somewhere in a range of 2 mm through 7 mm. The 
chip resistor A has a resistance value in a range of 0 . 5 Q through 

5 0 mQ approx. 

Next, description will be made for how the chip resistor 
A can be manufactured, with reference to Fig. 4A through Fig. 
4E and Fig. 5. 
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First, as shown in Fig. 4A, a metal plate lA which has a 
uniform thickness is prepared. The plate lA has an appropriate 
size in order to yield a plurality of rectangular resistive 
elements (each of which corresponds to the resistive element 
1) . The plate lA has a flat upper surface 10a and a flat back 
surface (indicated by a reference code 10b in Fig. 4C) . 

As shown in Fig. 4B, a coat layer 2 A is formed on the upper 
surface 10a of the plate lA. The coat layer 2A can be formed 
of a resin by thick-film printing. The formed coat layer 2A 
may receive a predetermined marking operation. 

As shown in Fig. 4C, a plurality of parallel partitions 
4A are formed on the back surface 10b of the plate lA. These 
partitions 4A can be formed by thick-film printing, using the 
same resin material as used for the formation of the coat layer 
2A. The thick-film printing enables to form each partition 
4A accurately to a desired size, and further, to dispose each 
partition 4A accurately at a desired position. 

As shown in Fig. 4D, electrically conductive layer 3A is 
formed in each region between the partitions 4A. Then, a solder 
layer 39A is formed on each electrically conductive layer 3A. 
The electrically conductive layer 3A is formed by copper plating 
for example. The plating method enables to prevent formation 
of a gap between the formed electrically conductive layer 3A 
and the partition 4A. Formation of the solder layer 39 is also 
made by plating. 

Finally, as shown in Fig. 4E, a blanking operation is made 
to the plate lA, whereby a plurality of units ( the chip resistors 



A) are obtained. In this case, it is preferable that one punch 
die should be used repeatedly so that products will be identical 
with each other . The rectangular regions which are to be punched 
out are indicated by long-dashed-short-dashed lines in Fig. 
5 5. One punch-out region is spaced from the adjacent ones by 
a small, predetermined distance s2 . 

The chip resistor A manufactured by the method described 
above is mounted on e . g . a printed circuit board, by means of 
solder re-flow surface-mounting method. As has been described 

10 above, the solder layer 39 and the electrodes 3 protrude 
downwardly beyond the lower surface of the spacer 4 (See Fig. 
2 or Fig. 3) . Therefore, it is possible to appropriately mount 
the resistor A. Further, the resistive element 1 has its upper 
surface 10a coated with the overcoat layer 2 . This enables 

15 to prevent the resistive element 1 from being electrically 
conducted unexpectedly with other conductive members. 

According to the above method, the electrically conductive 
layer 3A (which corresponds to the electrodes 3) is formed after 
the formation of the partition 4A (which corresponds to the 

20 spacer 4) (See Figs. 4C and 4D) . The space between mutually 
adjacent partitions 4A (which corresponds to si in Fig. 2) can 
be set accurately by the resin thick-film printing . As a result, 
in each of the final products or the chip resistor A, the 
electrodes 3 are spaced accurately by a predetermined distance . 

25 Further, there is no chance that the plate lA (resistive element 
l) is partially ground mechanically, in the formation of the 
electrode 3 . Thus , the chip resistor A according to the present 
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invention needs no trimming operation which is necessary in 
the conventional art for the purpose of resistance value 
adjustment . 

According to the embodiment described above, division into 
individual resistors is achieved by blanking the plate lA; 
however, the present invention is not limited by this. For 
example, shearing machines and rotary cutters may be used to 
divide the plate lA. In this case, the plate lA is divided 
along cutting lines LI and L2 in Fig. 6. 

Figs. 7A through 7C illustrate a second embodiment of the 
present invention. In these figures, members which are 
identical with or similar to those used in the first embodiment 
are indicated by the same reference codes. 

A chip resistor Aa (Figs . 7A and 7B) according to the second 
embodiment basically has the same construction as the resistor 
A (See Fig. 2) according to the first embodiment, differing 
however in disposition of the spacer (and therefore disposition 
of a pair of electrodes 3) . Specifically, as shown in Figs. 
7A and 7B, a resistive element 1 has a back surface provided 
with three spacers 4a-4c which are spaced from each other. 
Between the spacers 4a, 4b is one electrode 3 whereas between 
the spacers 4a, 4c is another electrode 3. Each electrode 3 
is formed with a solder layer 39. 

When manufacturing the chip resistor Aa, a plate lA shown 
in Fig. 7C is used. The plate lA is formed with a plurality 
of parallel partitions 4A, and between the partitions 4A are 
formed an electrically conductive layer 3A and a solder layer 



39A (as in the first embodiment, the partitions 4A are formed 
first and thereafter the electrically conductive layer 3A and 
the solder layer 39A are formed) . The plate lA is cut along 
the long-dashed-short-dashed lines in the figure, and thus 
5 divided into a plurality of individual chips . In place of such 
a cutting process, a blanking process to the plate lA may take 
place . 

Figs. 8A through 8C illustrate a third embodiment of the 
present invention. As shown in Fig. 8B, a chip resistor Ab 
10 according to the third embodiment is formed with a cross-shaped 
spacer 4, and corresponding to this, the resistor Ab has four 
electrodes 3. Each electrode 3 is formed with a solder layer 
39. 

The chip resistor Ab is obtained by cutting a plate lA shown 
15 in Fig. 8C along long-dashed-short-dashed lines. The plate 

lA is formed with mesh-like partitions 4A, an electrically 

conductive layer 3 A and a solder layer 3 9A. 

The chip resistor Abmay be used, for example, for measurement 

of. an electric current flowing in a given electric circuit. 
20 Specifically, by using two of the four electrodes 3, the chip 

resistor Ab is connected in series with a target electric circuit . 

The other two electrodes 3 are connected with a voltmeter. The 

resistance value of the chip resistor Ab is known. Therefore, 

based on the voltage given by the voltmeter, the value of the 
25 current which flows in the circuit can be calculated (Ohm's 

law) . 

•Figs. 9A-9C, lOA-lOC and IIA-IIC show other embodiments 



of the chip resistor which has four electrodes. As will be 
understood from Fig. 9B, Fig. lOB and Fig. IIB, two electrodes 
3a make a pair, and the other two electrodes 3b make another 
pair. The electrodes 3a are spaced by a distance s3, and the 
5 electrodes 3b are spaced by a distance s4 . In the resistor 
in Fig. 9B, the distance s3 is greater than the distance s4 . 
In the resistor in Fig. lOB, the distance s3 is smaller than 
the distance s4 . In the resistor in Fig. IIB, the distance 
s3 is equal to the distance s4. Figs. 9C, IOC and IIC show 

10 plates lA used in the manufacture of these three types of the 
resister respectively. A reference code 4A indicates resin 
partitions. The plates lA are cut along predetermined cutting 
lines (indicated by long-dashed-short-dashed lines) . 

Fig. 12 through Fig. 14 show a chip resistor according to 

15 a fourth embodiment of the present invention ( the entire resistor 
is indicated by a reference code Ac) , As understood from Fig. 
12 and Fig. 13, the chip resistor Ac includes a resistive element 
1', insulation layers 2' (2a', 2b') and a pair of electrodes 
3 ' . 

20 The resistive element 1' has a uniform thickness, and is 

made of a metal material such as a Cu-Mn alloy, a Ni-Cu alloy 
andaNi-Cr alloy. Alternatively, the resistive element 1' may 
be non-metal. As shown in Fig. 12, the resistive element 1' 
is formed with two recesses 11 ' which are spaced from each other 

25 by a distance si'. 

The insulation layer 2' covers an upper surface 10a' or 
a back surface 10b' of the resistive element 1 ' . The insulation 
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layer 2' is made of epoxy resin for example. 

The electrode 3' is formed on a plurality of surfaces llA' 
of the recess 11' in the resistive element 1'. Therefore, a 
distance (a minimum distance) between the two electrodes 3' 
5 is equal to a distance si' between the two recesses 11' (or 
more precisely a distance between two surfaces 11a" that are 
closest to the center of the resistive element 1 '. , of the surfaces 
11a' which form the recesses 11') . The distance si' is varied 
in accordance with a target value of resistance. The same 

10 applies to the thickness and width of the resistive element 
1' . In the chip resistor Ac, the resistance value between the 
two electrodes 3 ' lies between 1 m Q through 100 mQ for example . 

Each electrode 3' has a solder layer 39' formed thereon. 
Each electrode 3 ' has its upper and lower edges flush with an 

15 outside surface of the respective insulation layers 2a', 2b' 
(See Fig. 13); however, the present invention is not limited 
by this. For example, as shown in Fig. 15, each electrode 3' 
may have its upper edge extending beyond the outside surface 
of the insulation layer 2a' as well as its lower edge of the 

20 electrode extending beyond the outside surface of the insulation 
layer 2b' . In this figure, the amount of upper and lower 
extension of the electrodes 3' is indicated by a reference code 
s3 ' . Such a construction can be achieved by forming the 
electrodes 3' through plating . Specifically, as shown in Fig. 

25 16A, while the electrode 3' has a relatively small thickness, 
the electrode 3 ' forms only on a side surface llA' of the resistive 
element 1' . During the plating process, as the film thickness 



of the electrode 3 ' grows, the electrode 3' grows in directions 
indicated by Arrows Nl . As a result, as shown in Fig. 16B, the 
electrode 3' grows in an upward or downward direction, beyond 
the insulation layers 2A' or 2B' . The solder layer 39' can also 
5 be formed by plating, as is the electrode 3'. 

Next, a method of manufacturing the chip resistor Ac will 
be described with reference to Fig. 17A through Fig. 17E. 

First, as shown in Fig, 17A, a metal plate lA' which has 
a uniform thickness is prepared. The plate lA' is large enough 

10 in order to yield a plurality of resistive elements 1 ' . As shown 
in Fig. 17B, an insulation layer 2A' is formed on each of an 
upper surface 10a' and a back surface 10b' of the plate lA' . 
The insulation layer 2A' can be formed by applying a resin 
material onto the upper surface 10a' and the back surface 10b' 

15 (using a spin coating method for example) . 

Next, as shown in Fig . 17C, aplurality of rectangular through 
holes llA' are formed in the plate lA' and insulation layers 
2A' . These through holes llA' can be formed by punching in a 
matrix pattern so they line up in predetermined space from each 

20 other. In the right and left directions as of the figure, a 
distance between two mutually adjacent through holes llA' in 
the matrix is identical with an electrode-to-electrode distance 
si' (See Fig. 12) described above. 

As shown in Fig. 17D, an electrically conductive layer 3A' is 

25 formed in an inner wall surface of each through hole llA' , by 
means of copper plating for example . Then, on each electrically 
conductive layer 3A' , a solder layer (not illustrated) is formed 



by plating. 

After the plating process, as shown in Fig. 17E, blanking 
is made repeatedly to the plate lA' , whereby a plurality of 
chips (resistive elements 1) are obtained from the plate lA' . 
5 In this blanking, a single punch die (not illustrated) is used 
so that products will be of an identical size with each other. 
In the figure, punch-out regions are indicated by 
long-dashed-short-dashed lines . 

The chip resistor Ac is mounted on a desired object (e.g. 

10 a printed circuit board) by means of a solder re-flow method 
for example. As has been described above, lower edges of the 
solder layer 39 ' and the electrode 3 ' are flush with or protrude 
downwardly beyond the lower surface of the spacer 4. Further, 
the electrodes 3' are formed on a plurality of surfaces llA' , 

15 so the lower end surface of the electrodes 3 ' has a greater 
area than in a case where e.g. only one of the surfaces llA' 
is formed with the electrode 3' , Therefore, it is possible to 
appropriately solder the resistor Ac onto the printed circuit 
board. 

2 0 The upper surface 10a' and the back surface 10b' of the 

resistive element 1' is covered by the insulation layers 2' . 
Thus, the resistive element 1' is prevented from unwanted 
electrical contact with other members or components. 

According to the method of manufacturing the chip resistor 

25 Ac described above, it is possible to form the electrodes 3' 
without inappropriately altering the resistance value of the 
resistive element 1 ' . Therefore, resistor Ac does not need any 
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trimming operation for resistance value adjustment, and it 
becomes possible to reduce manufacturing cost accordingly. 

According to the manufacturing method described above, 
division of the plate lA' is achieved by blanking the plate 
5 lA. Alternatively however, shearing machines and rotary 
cutters may be used to divide the plate lA along cutting lines 
LI' and L2 ' in Fig. 18. 

The shape of the recess 11' in the resistive element 1' 
(See Fig. 12) may not necessarily be rectangular . For example, 

10 as shown in Fig. 19A, each recess 11' may have a semicircular 
wall surface. In this case, a plate lA' shown in Fig. 19B is 
cut along cutting lines ( long-dashed-short-dashed lines) . A 
reference code llA' indicates a through hole formed in the plate 
lA' . Each through hole llA' has two semicircular wall surfaces 

15 separated from each other. A reference code 3A' indicates an 
electrically conductive layer formed in the through hole llA' . 

A resistor shown in Fig. 20A and 20B is essentially the 
same as the chip resistor Ac (Figs. 12 and 13) , differing only 
in that the recesses 11' are replaced by rectangular through 

20 holes 12 ' formed in the resistive element 1 ' . Each through hole 
12' has an inner wall surface 12a' formed with an electrode 
3'. Such a chip resistor is obtained by cutting a plate lA' 
which is shown in Fig. 2 0C, along long-dashed-short-dashed 
lines . 

25 Achip resistor shown in Fig . 21A includes a resistive element 

1' which is formed with four recesses 11' . Each recess 11' is 
formed with an electrode 3' . Such a chip resistor is obtained 



by cutting a plate lA' shown in Fig. 21B, along 
long-dashed-short-dashed lines. A reference code llA' 
indicates a through hole which has a rectangular section. Each 
through hole llA' is formed with an electrically conductive 
5 layer 3A' . A resistor in Fig. 21A has four electrodes, and so 
can be used for measurement of an electric current in an electric 
circuit, as is the chip resistor Ab (See Figs. 8A and 8B) . 

A chip resistor shown in Fig. 22A is rectangular, in which 
each of the four corner regions is made into an arc-shaped 
10 electrode 3'. Such a chip resistor is obtained by cutting a 
plate shown in Fig. 22B along long-dashed-short-dashed lines. 
A reference code llA' indicates a through hole which has a round 
section . 

Chip resistors shown in Figs. 23A-23D correspond to the 
15 chip resistors in Figs. 12, 20A, 21A and 22A respectively. In 
the resistors shown in Figs. 23A-23C, each electrode 3' fills 
up a recess 11' or a through hole 12' in a resistive element 
1' . In a resistor shown in Fig. 23D, an electrodes 3' provided 
at each corner region 13' integrates with the resistive element 
20 1 ' , to make a complete rectangle. 

Constructions shown in Figs. 23A-23D can be achieved by 
increasing the thickness of a metal coating which is formed 
in the plating process. According to the above construction, 
it is possible to give the electrode 3' a large bonding area. 
25 As a result, it becomes possible to increase the strength of 
solder bonding to the electrode 3 ' , reduce electric resistance 
of the electrode 3' itself, and so on. 



Chip resistors shown in Figs. 24A and 24B are similar to 
the one in Fig. 19A in its basic construction, differing however 
in that a resistive element 1' has a pair of side edges provided 
with a pair of cutouts 14' . The cutouts 14' are for resistance 
5 value adjustment of the resistive element 1' . As shown in Fig. 
24B, each cutout 14' is filled with a resin member 20' . The 
resin member is made of the same resin as the insulation layers 
2 ' . 

The resistors in Figs. 24A and 24B can be manufactured as 
10 follows: First, as shown in Fig. 25A, through holes 14A' are 
punched out in a plate lA' . Next, as shown in Fig. 2 5B, a resin 
is applied on an upper and a lower surfaces of the plate lA' 
to form insulation layers 2' . In this step, the resin is filled 
into each through hole 14A' . Then, as shown in Fig. 25C and 
15 Fig. 25D, through holes llA' are formed in the plate lA' , and 
an electrically conductive layer 3A' is formed in each of the 
through holes llA' . Finally, as shown in Fig. 2 5E, the plate 
lA' is cut along cutting lines ( long-dashed-short-dashed 
lines) . 

2 0 The present invention having been described thus far, it 

is obvious that the invention can be varied in many ways. Such 
variations shouldnot be considered as deviations from the spirit 
and scope of the present invention, and all of these changes 
obvious to those skilled in the art should be included in the 

25 scope of the following claims. 
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